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l?TZGHTTESTS AT TRMSONIC AND SUXTXSONIC SPEEDS OF AN

AIRPUNE-L~ CONFIGWTION WITH THIN STRAIGEL!

SHMW-UE W3NGS AND TAIL SURFACES

By Clarence L. Gillis and Jesse L. Mitchell

Rocket-powered models of a representative airpleme ccmfiguration
flight-tested”at the Lengley Pilotless Aircreft Research Divisionwere

testing station at Wallops Idand, Va. The configuration tested had a
slender pointed-nose fuselage and unswept low-aspect-ratio wing end tail
surfaces with thin faired dotible-wedgeairfoil sections. The Mach num-
ber range covered in the tests was from O.5 to 1.4.

The results showed a positive change in trim normal-force coefficient
of about O.k (with the center of gravity at 16 perdent of the mean aero-
dynamic chord) between Mach mmibers of 0.8 snd 1.0 for a constant hori-
zontal tail setting. This change would smount to about 2 .7g normal
acceleration for an airplene wltiha wing loading of 100 pounds per squere
foot and at an altitude of.20,000 feet. The effestiveness of the hori-
zc&al tail in changing the trim nomnel.-forcecoefficient is about 60 per-
cent tiler at supersonic speeds than at subsonic speeds. A change h
tail deflection of about 5° in a tiiling-edge-down direction is ‘reqtired
for level flight as the Mach number increases from O.6 to 1.0 and a

—

c-e of 3° in the trailing-edge-up direction is reqtired as the Mach
nunber increases frcm 1.0 to 1.4.

At a Mach nuniberof 0.5 the tmim lift-curve slope is about 0.08 and
the neu’b?alpoint is at about 40 percent of the mean aerodynamic chord.
No such quantitative data were obtained at supersonic speeds, but the
data indicate that with the center of gravity at 16 percent of tie mean
aer-@ynamic chord the model has positive longitudinal stabili@ throu@-
out the speed range covered by the tests.

—

The directional stability of the model appears to be adequate through-
out the speed range tested with a value of the directimal. stability
pemmeter %9 of o .00~ at a Mach number of 0.5, ma O.016 at a ~Cb n~-

ber of l.1~.

The trim change and drag break both begin at a Mach nmiber of 0.85
which agrees with wind-tunnel drag measurements for a wing similer to
that used on the rocket models ●
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INTRODUCTION .

airplanes and airplane components have been
flight chsracteri.~tic~throughout a speed

—

range which includes the supersonic. Sane data exist on the drag end
control effectiveness at zero lift of sane of these components (refer-
ences 1 and 2, for emmnple). There are few data cm the lift and stability
characteristics at transotic and low supersmic speeds of airplane con-
figurations using these ccmlponents. As a part of a program to obtain
such data, rccket-powered models of a cmfiguptlon representinga Possible
supersonic airplane were flight-tested. The model had a slender pointed-
nose fuselage and unswept low-aspect-ratio wing end tail surfaces having
thin faired double-wedge airfoil sections. The models were flow with

—

various fixed horizontal-tail settings and center-of-gravity positions to
.L

obtain information on the trim, stability,$and control-effestiveness
c@racteristics at trensonic and low supersonic speeds. This series of
models was the first for which tie test technique described has been used.
Five models were flown at the Langley Pilotless Aircraft Research Division
testing statim at Wallops Island, Va.

SYMEOIs
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chord-force coefficient

yawing-moment coefficient

normal acceleration, feet
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seccmd per second —

longitudinal acceleration, feet per seccmd per second

transverse acceleration, feet per second per second

acceleration of gravity, feet per se.c~d per second

Mach number

total-head pressure, pomds Per squ~e foot

free-stream static mess-, yo~ds per sq~e fOOt

-C pressure, pounds per square foot
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syecific heat ratio (1.hO)

weight

wing area, square feet

wing mean aerodyntic chord} feet

angle of attack} measured fran fuselage

sideslip angle, degrees

deflection of horizontal tail, measured
line; positive in tmiling-edge-down

wing-tiphelixengle, radians

time fram launching, seconds

reference tie, degrees

from fuselage reference
directicm

directimal. stability derivative (dCn/d$)

lcmgitudinal stability derivative @npa)

mcment of inertia

manent of inertia

drag coefficient

about y-axis} Slug-feet*

about z-~s} slug-feet2

(C!ccosa+ C@ina)

Abbreviation:

TE trailing edge

MODECS AND APPml.. ,

A three-view drawing of the model is shorn in figure 10,.~_–--
frames were of duml and magnesium constiucticm. The wings,end tail
surfaces were made of solid dural and the fuselage was of semimon~oque
constriction witi a stressed skin of magnesium. Photographsqof amode~ ~
with an angle-of-attack indicator installed on the nose are showr@l .:.+
figure 2.

-’ ~,..
>.

Models 2, 3, and 4 were flown with a vertical tail having an m%a$ ;
25 percent greater than that shown in figure 1. A sketch of the enlarged-’
vertical tail is shown in figure 3. The vertical tail and ailerons w’ere



set at zero deflection for all flights. ‘The
dence with respect to the fuselage reference
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wing was set at zero inci- ,
line. The longitudinal con-

trol consisted of an adjustable stabilizer, the setting of which was
adjueted prior to flight by means of a surface plate and height gage.
For’models 2 to 5 the wing-f~elage ~d tail-fysel.agej~ctures were
faired with doped aircraft fabric. .-

The motive power consisted of a 5-inch HVAR %ooster with a similar
sustaining rocket in the model. Both rockets were modiyfiedto give a
thrust of about 354)0pounds for a period of 1.5 seconds and the sustati-
i.ngrocket was fitted with a high-pressure bla,sttnibe(fig. 1).to petit

.—

locatim of the rocket farther forwaxd in the model. Separation of the
booster from the model was accomplished either %y the drag of the booster
or by the firing of the sustaining rocket. . -.

The models were lamched from a zero-length I-amcher at ~ ele~tf~
angle of approximately 45°. Photographs of a g.odelon the launcher .=e
shown in figure 4.

Models 1 to 4 were equipped with telcunet.e??stransmitting cont~uous
measurements of normalj longitudinal} and transverse accelerations, in
addition to total-head pressure as measured by an orifice at the nose of
the model. Model ~ ccmtained a telemeter measuring the above quantities
plus angle of attack. b addition to the instrumentatim in tie nmdels,
a CW Doppler radar unit was available for measxring model velocity} and

i

a tracking radar was available for obtainjng r~e and elevation as a
function of tires. Atmospheric conditions were determined from a radio-
sonde released at the time of firing. .- --

Fixed wide-a.milecameras and 16-mi~~meter motion-picture csqeras
recorded the lawchhg.
seconds by 16-mill~ter
launching taken with the

The flightp were tracked for the first 4 to 5
motion-picttie cameras. Pictures of a typical
wide-angle camera are shown in figure 5. —

Tml’s =

The testing technique used was that of me~suring the variaticm, with
Mach nuniber,of trim nomnal-force coefficients,at a constant horizontal-
tail deflection. From two or more models having cliffergnt tail deflee- “-
tions, but the same center-of-grav~~ location, these data will give a

—

measure of control effectiveness~ — ●
A plot”of the i&erse func-

A8
m

tion),— against center-of-gravity location can be exla?apolatedto
AC#

Q
—

zero to obtain maneuver points. The horizontal-tail deflectims ad
center-of-grayity locations used in these testi, akm.g with the weights

—

and moments of inertia of the models, a&e given in ta%le 1.
.

The moments

of tiertia
timing the

were determined by sw3ng& the model as a pendulum and
osci12ations.

-&“~ %
~
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TQe Mach nmber

(a) subsonic

was computed from the folluwi.ngrelations:

(b) supersonic

,_ (Z+M?)%
p (++++

where H was measured by the totA1.-headtube on the nose of the model,
and p was obtained from altitude end radiosonde data.

The Mach nmzbers given in figures 6 to 10 ere subject to scans
inaccuracies. The methods available at present for determining the Mach
nudbers for maneuvering models do not give values as accurately as is
desired for models exhibiting lugs gradients of trim lift coefficiat
with Mach nuuiberas occurred on this configuration. Mbdel 3 should have
the most nesrly correct values of Mach mmiber. For models 1, 3, snd 4
the Mach numbers shown are believed to be correct within H .02 neer M = 1.0
with somewhat better accuracy at higher Mach ntiers and somewhat worse
at lower Mach nmnbers. For model 2, there appears to be a yossible error
of +0.05 in Mach numibernem M = 1.0.

The Reynolds

frm5X106 ata
for all flights.

number based on the wing mean aerodynamic chord

Mach nuniberof O.6 @ U. X 106 at a Mach number

varied

of 1.4

A chronological review of tie test flights wilJ-serve to show the
reasons for the-modifications made on the models during the test progrem
and to clarify the subsequent discussion of test results.

Model 1.- After booster separation the model began a slow roll to
the left and followed a helical path. An examinaticm of the nmtion
pictures of this flight indicated that the rate of roU amounted to a
value of pl/2V of about 0.0035. Prelhine.ry reduction of the
telemetered data showed very smell normal acceleration throughout tie
speeilrenge but indicated lerge transverse accelerations in the trensonic
and supersonic range. It was therefore cmcluded that the model had
unsatisfactory directional characteristics end a larger vertical tail
was designed for subsequent fli@ts, as mentioned preciously.

o

~“
-a ~a:. *~ ,
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Model 2.- This model also legan a slow roll to the left after booster
separation but appesred to be rolling more sl~ly than tidel 1. me

.

telemeter record showed large changes in normal acceleration through the
—

speed range with practically zero transverse acceleration throughout.
—

~“- This model was intended to be iirimnedfor practically zero,
lift as was model 1 but had a different center-of-gravity location frmu
model 1. It was therefore expected to have normal acceleration values
very similar to that of model 1. After looster separation the model
pulled up into an almost vertical path and did,not appeeY to have any
roll during the time It was visible. A cursory examination of the ...
telemeter record indicated large changes in no- acceleration through
the speed range. ~cqaring this flight with tl$oseofmo~els 1 and2
it was concluded that the results for model 1 were .inerror, apparently

——

caused by inadvertent interchange of the normal and tr~sverse acceler- —

ometers after the preflight instrument calibration had been completed.
—

—

Model k.- This model had been prepared for flight at the same time
as model 3 and had the large vertical.tail. ~though it was now believed
that the larger vertical tail was unnecessary for Urectional stibility--

—

the effect of vertical-tail size on the longit@inal characteristics
was believed to be negligible and did not werrant delaying the test to

--.

remove the larger tail. Model 4 also rolled to the left efter booster
.

separation at a rate which appeared to be slower than that of model 1.
,

!MQH*- As a result of previous flights, it was concluded that
the large vertical tail was unuecessa.ryso this model was flown with the
original tall. It was considered desirable to incorporate an instrument
for measuring angle of attack so that the data couhibe canputed as lift
and drag coefficients as well as normal- and chord-force coefffcients~

—

The flight of this model was only pertially successful as the sustainer
failed to fire; however, the boostar separatid from the model at lmrnout
due to drag and soresdata were obtatied at subsonic speeds.

RESULTS AND DISCUSSION

Time-History Records

Time histories of the important parts of flight for_models 1 to 5
tie given in figures 6 through 10. The most @teresting feature of –
the flights Is the large change in normal acceleration as the model
traverses the lransonic speed range. The change in trim onmdel 3, for
emmple, was fromo.lg at M = o*8 to 18.~g at M = 101” This ta?im
change of 18.3g would amount to 2.7g on a similar configuration with a

-.

wing loading of 100 pounds per square foot and-at =“”al~%ude of
20,000 feet. The change IS observed both in the power-on and the power-
off mts of the fli~hto The magnitudes cf the normal accelerations

,

w
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number because of power effects. At supersonic speeds these effects cam
be accounted fqr Wgely ly thrust misalinememt end vsrying wefght during
yowered flight. At etisonic speeds these same effects are present but
are augnented by the effect of the inflow into the jet causing a downflow
over the horizontal tail. This latter effect is discussed h refer-
ences 3 sad 4. The inflow effect would be considerably less on a full-
scale airplane because of the smaller thrust coefficients used.

As explained preciously, the normal and transverse accelerometers
on model 1 app=entl.y were interchanged after calibration and it was
possible to get only approximate values of normal amd transverse acceler-
ations on this flight. The approximate normal and.tmensverse acceler-
ations are shown as dotted lines on the time history (fig. 6). A zero
shift in the longitudinal.acceleration channel occurred on model 2 at
take-off, as evidenced on the telemeter record by the much more positive
values of acceleration than occurred on the other models. The curve was
therefore shifted alohg the acceleration axis to give more reascmable
V?ilues● The result- curve is shbwn dotted h figure 7, but the data
have not been used in the subsequent analysis. The veriation of the

factor @@~t~for~m odelsisp ~sentedtifigureu. me

effect onqthe longitudinal characteristics of the rolddnn velocity that
was obtained on most of the models was tivestigated analytically by the
method of reference 5 and found to be negligible.

4

Longitudinal TrW and Control Effactiveness

Ih figure 12 the normal-acceleration data from the the histories
have been reduced to normal-force coefficients and ylotted agatit Mach
mmiber. ~ figure U(a) tie variation with Mach nuniberof trim normal-
force coefficient for model 2 is shown as a dotted line and is presented
for qualitative smal.ysisonly. At the rearward center-of-gravity position
(fig. 12(b)) a change of about O.4 h trim no?mal-force coefficient
occurs in traversing the transonic regicm. It is to ‘benoted that this
trim change begins at approximately M = 0.85, the Mach nuder at which
the &rag rise also begins. (See figs. 13 and 14.) Wind-tunnel tests
on a wing s== to that on these modem (reference 6) indicate tit
the Mach nmber for drag divergence of the wing alone is also 0.85.

Figure 15 has been derived from figure 12 and shows the variation
A%

of control effectiveness — with Mch nuniberat the average rearward

center-of-gravity positionA~O.166).

#

.

Because of incomplete data between M = O.6 emd M = 0.85 and
because of the steep gradient of CN against M n- M = 0.9 (see

fig. 12(b)), the portion of the curve %elow 0.95’is dotitful and is shown
dotted. A decrease of about 60 percent ti control effectiveness between
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subsonic and supersonic speeds is indicated, with an even larger drop
ACN

.
near M = 1.0. The values of ~ in figure 17 are subject to some

—

uncertainty because of mall increments between the curves of figure 12(b).

Ah
some values of ~ were estimA@d l%cm unp~lished w@i- tunnel

data on a shniler airplane configuration and these a-e sh wn in figure 15- “-

for cmparism with the measured values.
&The measured ~ Is scmmwhat

lower than that indicated by the wind-tmnel data throughout the Mach
nwnber range tested. .-

holuded in figure 12(b) is a curve of nomnal-force coefficient
requfred for trti in level flight for the airplane configuration with
a wing loadhg of 100 pounds per square foot ~d at an altitude of
20,000 feet. The values plotted are actua~ lift coefficients but,
for the small engles of attack involved, lift coefficient and normal-force
~oefficient can be considered equal ● The horizontal-tEUU deflecti~ for
trim under these ccmditions is shown in figure 16. Although most of the
values h f

Y
e 16 represent linear extrapolations of the measured data

(see fig. u b)), it is be~eved -t the cwe gf~es a fa~= good
in~cation of the trim changes tiat can be expected with this canfigura- .-

. tion. A total change h horizontal-tail deflection for trim of about 5°
in the tiaillng-edge-down direction is Qecessery in accelerating
from M= O.6 to M = 1.0 with a further change of about 3° in the

.

trailing-edge-up direction frcm M = 1.0 to M = 1.4.
.-

Results of tests on a s~lar airplant3 ccmflguration by the wing-
flow method (reference 7) indicated change~ of’longitud@al trim and
control effactiveness with Mach nmiber that are not as large or as abrupt -
as the variations obtained m the rocket-powered models. The reasons for
the clifferences are not deftii.telyknown but are probably explained ‘by

--

the folbwing differences in testing technique: The Rewol* nmbers for

the rocket models were of the order of 5 X 106 ta 10 X 106 while those
for the wing-flow model were about 0.5 X 106; the ah flow over the win~
flow model had a Mach number gra@ient both spanwise and chordwise (refer-
ence 7), anti because of the me~od of ccmstruction end the lower test
@nemic pressures the wing-flow model was less flexible wag the rocket”
tiels. The wing torsional stiffness of the rocket models may be found
by applying a scale factor to the data of fig~e 3, reference 8, which
gives measured values’of the torsional stii?fne~sfor gecmietrioally
smlar wings constructed of the mime miterial. 1% * d-so be pOtited
out that winR-fuselage interference effects, ~ich may be large on this

—
—

t~e model, {referen~e 9) are clifficult to simulati on a wing-flow model. —

As s~ted in the description of the testing technique, the data
,

desired from the tests were records of trfinnormal-force coefficient as
a function of Mach ntier. Since the model is decelerating constantly
during the Wne the data are taken and the abrupt changes in normal

.
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force take place during a small.time inte=” (about 1 to 2 see), there
was some dotit that the model would actusUy be trbned. This effect
was investigated ~rior to the tests by making a stepwise calculation of
the model motion from M = l.0~ to M = 0.90 on the Bell Telephone
Laboratories X-66744 relay computer at the Lsngley Laborati~ using
time titervalp of 0.001 second. The a~rodynemic data used were from
wind-tunnel tests on a transonic %mQ of a somewhat different airplane
configuration efiibiting trim changes in the transonic region of the
ssme order of magnitude as those occurring on the models described herein.
The results of the calculations showed that the model would at all times
be withti O.1° of the trim angle of attack which is well within the
experimental accuracy.

Longitudinal Stabil.i@

Due to the doubtful accuracy of the normal-acceleration data on
model 1 it is believed that msneuver points determined from those data
cannot be considered reliable and are thus not presented. However, the
data tidicate positive stability throughout the speed range.

It is possible to obtafn an approximate value of the longitudinal
stability by applying the method of reference 10 to the osci~ations
in nomnal acceleration. This method is less exact when applied to pitch
oscillations, however, then when applied to yaw oscillations because of
the assumptions used in deriving the metiod. Model 5 was the only one
for which a well-defined and fairly regulsr oscillation in pitch occurred.
An average value of ~ = -0.020 at a Mach nwiber of O.~ is obtained

from tiis oscillatim, which tidicates a neutral petit location at
about 0.405 for a lift-curve slope of 0.08 (see discussion of lift and
drag). An attempt was made to calculate the stability frcm random
osciUaticms occurr~ during the flights of models 1 to 4. The results
gave values which had a very wide scatter and it is believed that these
rather small.and irregulsr oscillations do not give a reliable tidication
of the stability of the model.

Directional Stability

AU of the models flown showed an oscillation of the transverse
acceleration. For models 1 to 4 this oscillation occurred @
above M = 0..85.Ihmn the ~eriods of these oscillations and the method
of reference 10 velues Of CnP, the directional stability derivative,
were calculated. The moment of inertia in yaw Iz required for these
calculations was not measured on the models. It was assmned that for
this b-me of model 1. would be nesrly equal to Iv, which was used
in the”;alculation of- C . The valuei of Cn

!

a%-shown in figure 17

and are for the two diff%ent center-of-gravit
tail sizes since the effects of these variables

positions and the two
on the values of ~P
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are within the experimental accuracy. T!Ms method of computing stability .
parameters also neglects damphg and the product of inertia term (refer: .
ence 11) both of which have a small effect on the period of oscillation.
The data show adequate directional statility throughout the Mach number
range covered, Cn

P
for the original mqdd vary@ from 0.005 at M = 0.5,

to 0.016 at M = 1.15. Unpublished wind-tumml tests on a similar air-
plane configuration indicate good agreement with the values of Cn in

figure 17.
P —

Chord-Force Coefficients

Figure.13 shows the variation of p.owor-offchord-force coefficient.=
with ~ch ntier. The sharp increase through the trensonic range is
characteristic and as expected. NO data are presented for model 2 due ““ - ‘~
to the indeterminate zero shift of the longitudinal acceleration channel.

. ..-

Lift and Drag .=.:

As explained previously, model 5 was equipped with an sngle-of-
attack indicator so that the normal-force and chord-force data could be

._

reduced to lift and drag coefficients. Nc)lift and drag data me Pre-
sented for this model, however, as the recorded values of aggle of

—
*

attack indicate a zero sh~t in the instint of about +# to +2°.
This error may be due to some asymaetry in the angle-of-attick vane
which causes it to float at sme angle of attack other than zero, or a
zero shift in the telemeter frequency. The angle-of-attack data pre-
sented in figure 10 have not been corrected for this zero shift nor have
they been corrected for the effect of flight-path curvature and rate of
chemge of angle of attack with respect to time,.
angle of attack of the normal-force coefficients

correct however. 4Using these data, ~ a~erages

of approximately 0.5 which is a reasonable value

An evaluation of the trim-drag coefficients
normal-force and chord-force data of this repoht

The variations with
are believed to be “– ““” - ‘-

O.@ for a Mach nuniber
-.

for this configuraticm.

can be made using the
smd the angle-of-attack

data of reference 7. The results for models 3 and 4 are given in
Yi.gure14.

‘ CONCLUSIONS ‘

ltromthe results of flight tests
representative airplane configuration
following conclusions are indicated:

of rocket-powered models of a
thro@ -thetrqns-onicre@on~

-.
—

.

the -— ,4
—
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1. At a constant horizontal-tail setting and center of gravity at
16 percent of the mesn aerodynamic chord there is a change of about 0.4
in trim normal-force coefficient between Mach nuuiberso&Q~8 and 1.0.
This change is in a positive direction with increasing ~Ch nmber ~d .
would amount to 2.7g normal acceleration on a similar airplane with a
wing loadhg of 100 pounds per sqwme foot and flying at 20,000 feet.

2. The effectiveness of the horizontal tail in changing the trim
normal-force coefficient of the airplane is roughly 60 percent smaller
at supersonic speeds than at mibsonic speeds wlti an indication of an
even larger drop at a Mach nudber of 1.0.

3. A change ti horizontal-tail deflection of about 5° in the
trailing-edge-do-wndirection is required for level flight as the Mach
nuniberincreases frcm 0.6 to 1.0 wtti a further chsmge of 3° h the
trailing-edge-up tirection as the Mach nmiber increases from 1.0 to 1.4.

4. The directimal stiblli@ of the model appears tole adeqmte
throughout the speed range tested with values of tie directional-
stabili~ parameter Cnp ~a fr~O.005 at M. O.~ to 0.016

at M = 1.15. Fairly regular directional oscillations of small amplitude
occurred on all the models.

5. Ata Wchnmiber of 0.5 the trim lift-curve slope is about 0.08
emd the neutral-point location is at about bO yercent of the mean aero-
dynamic chord. No such data were obtained at supersonic speeds.

6. The trfm change and dmgbreakbothbegti at aMachnuu.iber
of 0.85 which agrees with wind-tunnel drag measurements on a wing similer
to that wed- the rocket models.

Langley Aeronautical Laborato~
National Advisory Ccmwnitteefor Aeronautics

~ey Field, Va.

,
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rThe following data apply to

Model

1

2

3

4

5

TABLE I

the unpowered

Weight
Center-of-gravity

(lb)
position

(percent M.A .C.)

128.6 -k.2

134.3 -4.7

128.8 16.4

12798 16.6

149.9 15.7

3yortion of the flights.

Wmlent of
inertia, 17
(Slug-ftz)

30.4

34.4

30“7

30”3

27.2

Horizontal
tail setting

(deg)

0’

-I.72

0.12

1.00

2 A

%or calculating C% it was assmed that Iz = 1% T

.
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Figure 4.- Photqraphs of the model on the launcher. .
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Figure 5.- Photographs of a typical launching.
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